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The Association of Cognitive and Somatic Depressive
Symptoms With Depression Recognition and Outcomes
After Myocardial Infarction
Kim G. Smolderen, MSc; John A. Spertus, MD, MPH; Kimberly J. Reid, MS;
Donna M. Buchanan, PhD; Harlan M. Krumholz, MD, SM; Johan Denollet, PhD;
Viola Vaccarino, MD, PhD; Paul S. Chan, MD, MSc
Background—Among patients with acute myocardial infarction (AMI), depression is both common and underrecognized.
The association of different manifestations of depression, somatic and cognitive, with depression recognition and
long-term prognosis is poorly understood.
Methods and Results—Depression was confirmed in 481 AMI patients enrolled from 21 sites during their index hospitalization
with a Patient Health Questionnaire (PHQ-9) score 10. Within the PHQ-9, separate somatic and cognitive symptom scores
were derived, and the independent association between these domains and the clinical recognition of depression, as
documented in the medical records, was evaluated. In a separate multisite AMI registry of 2347 patients, the association
between somatic and cognitive depressive symptoms and 4-year all-cause mortality and 1-year all-cause rehospitalization was
evaluated. Depression was clinically recognized in 29% (n140) of patients. Cognitive depressive symptoms (relative risk per
SD increase, 1.14; 95% CI, 1.03 to 1.26; P0.01) were independently associated with depression recognition, whereas the
association for somatic symptoms and recognition (relative risk, 1.04; 95% CI, 0.87 to 1.26; P0.66) was not significant.
However, unadjusted Cox regression analyses found that only somatic depressive symptoms were associated with 4-year
mortality (hazard ratio [HR] per SD increase, 1.22; 95% CI, 1.08 to 1.39) or 1-year rehospitalization (HR, 1.22; 95% CI, 1.11 to
1.33), whereas cognitive manifestations were not (HR for mortality, 1.01; 95% CI, 0.89 to 1.14; HR for rehospitalization, 1.01; 95%
CI, 0.93 to 1.11). After multivariable adjustment, the association between somatic symptoms and rehospitalization persisted (HR,
1.16; 95% CI, 1.06 to 1.27; P0.01) but was attenuated for mortality (HR, 1.07; 95% CI, 0.94 to 1.21; P0.30).
Conclusions—Depression after AMI was recognized in fewer than 1 in 3 patients. Although cognitive symptoms were
associated with recognition of depression, somatic symptoms were associated with long-term outcomes. Comprehensive
screening and treatment of both somatic and cognitive symptoms may be necessary to optimize depression recognition
and treatment in AMI patients. (Circ Cardiovasc Qual Outcomes. 2009;2:00-00.)
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Depression after acute myocardial infarction (AMI) isprevalent and associated with both worse quality of life1
and higher rates of mortality and rehospitalization.2–5 Despite
efforts to promote systematic depression screening and facil-
itate its treatment in AMI patients,6–8 depression often goes
unrecognized,9–11 and its treatment after AMI with pharma-
cological and behavioral interventions have not resulted in
lower rates of mortality or rehospitalization.12 Whereas de-
pression is a common comorbidity that warrants treatment in
its own right and can be useful in identifying high-risk
patients for more aggressive treatment of coronary artery
disease, a better understanding of which symptoms of depres-
sion are prognostic of long-term clinical outcomes would
inform therapeutic strategies for future efficacy trials.
Depression is a complex disease characterized by both
somatic and cognitive manifestations.13–15 Somatic depres-
sive symptoms (eg, fatigue, loss of energy, sleep distur-
bances) are often masked by the physical symptoms of
cardiovascular disease.16–18 Consequently, clinicians may be
more likely to recognize and focus treatment of depression
Received March 26, 2009; accepted April 8, 2009.
From the Center of Research on Psychology in Somatic Diseases, Department of Medical Psychology (K.G.S., J.D.), Tilburg University, Tilburg, The
Netherlands; the Mid America Heart Institute (J.A.S., K.J.R., D.M.B., P.S.C.), Kansas City, Mo; the University of Missouri–Kansas City (J.A.S., P.S.C.),
Kansas City, Mo; the Section of Cardiovascular Medicine and the Robert Wood Johnson Clinical Scholars Program, Department of Medicine (H.M.K.),
the Section of Health Policy and Administration, Department of Epidemiology and Public Health (H.M.K.), Yale University School of Medicine, and the
Center for Outcomes Research and Evaluation (H.M.K.), Yale New Haven Hospital, New Haven, Conn; and the Emory University School of Medicine
(V.V.), Atlanta, Ga.
Paul A. Heidenreich, MD, was Guest Editor for this article.
The online-only Data Supplement is available at http://circoutcomes.ahajournals.org/cgi/content/full/10.1161/CIRCOUTCOMES.109.868588/DC1.
Correspondence to Paul S. Chan, MD, MSc, Mid America Heart Institute, 4401 Wornall Road, Kansas City, MO 64111. E-mail pchan@cc-pc.com
© 2009 American Heart Association, Inc.
Circ Cardiovasc Qual Outcomes is available at http://circoutcomes.ahajournals.org DOI: 10.1161/CIRCOUTCOMES.109.868588
1  by on April 26, 2009 circoutcomes.ahajournals.orgDownloaded from 
among those patients who manifest significant cognitive
symptoms, such as sadness, pessimism, and anhedonia. Al-
though clinical trials of depression after AMI have largely
relied on therapies that primarily target cognitive depressive
symptoms,12,19 preliminary studies suggest that somatic de-
pressive symptoms have equal, if not greater, importance for
prognosis in cardiac disease than do cognitive symptoms.20–23
An improved understanding of the cognitive and somatic
depressive symptom dimensions would be a critical step in
improving detection of and targeting interventions for depres-
sion in AMI patients. This is particularly important if there is
discordance between the symptom dimensions that are asso-
ciated with recognition and prognosis. Accordingly, we
evaluated whether cognitive or somatic depressive symptoms
facilitate recognition of depression in patients hospitalized
with AMI and the extent to which each symptom domain was
associated with long-term mortality and rehospitalization.
WHAT IS KNOWN
● Depression in patients with acute myocardial infarc-
tion (AMI) is frequently underrecognized and is
associated with worse cardiovascular outcomes and
higher mortality.
WHAT THE STUDY ADDS
● Despite the expanding literature on the prevalence of
depression in patients with AMI, depression went unrec-
ognized in 7 of 10 patients in this contemporary AMI
registry.
● Cognitive depressive symptoms (eg, sadness, pessi-
mism, loss of interest) facilitated the recognition of
depression, whereas predominantly somatic symp-
toms (eg, fatigue, loss of energy, sleep difficulties)
were not associated with its recognition.
● Although cognitive depressive symptoms were associated
with recognition of depression, somatic symptoms were
more consistently associated with long-term outcomes,
such as mortality and rehospitalization.
● To our knowledge, this is the first study to jointly examine
the relationship between somatic and cognitive depressive
symptoms with depression recognition and prognosis in
AMI patients. Our findings suggest that comprehensive
screening and treatment of both somatic and cognitive
symptoms may be necessary to optimize depression rec-
ognition and treatment in AMI patients.
Methods
Participants and Study Design
Data from 2 similar AMI registries—the Translational Research
Investigating Underlying Disparities in Acute Myocardial Infarction
Patients’ Health Status (TRIUMPH) study and the Prospective
Registry Evaluating Outcomes After Myocardial Infarctions: Events
and Recovery (PREMIER) study—were used to conduct this study.
Both studies are large, prospective, geographically diverse, multisite
registries of academic and nonacademic institutions within the
United States. Patients for the TRIUMPH study were enrolled from
21 hospitals between April 11, 2005, and December 31, 2008, and
patients within PREMIER were enrolled from 19 hospitals between
January 1, 2003, and June 28, 2004. The TRIUMPH study prospec-
tively collected data on depression recognition and completed
enrollment in December 2008. In contrast, the PREMIER study
provided data on 1-year rehospitalization rates and 4-year mortality
but did not prospectively assess depression recognition. Therefore,
we assessed depression recognition within TRIUMPH but evaluated
long-term outcomes within PREMIER. The overview of both study
designs is provided in Figure 1.
Both TRIUMPH and PREMIER had similar inclusion criteria and
common enrollment sites, and the study design of PREMIER has
been previously described.24 In both registries, patients 18 years of
age or older with biomarker evidence of myocardial injury (a
positive troponin or elevated creatinine kinase-MB fraction within 24
hours of hospital admission) and supporting evidence of an AMI
(ischemic signs or symptoms for 20 minutes or electrocardio-
graphic ST changes) were enrolled. Patients were excluded if they
were incarcerated or had biomarker elevations after elective coronary
revascularization. Additionally, because we were interested in eval-
uating the association between depressive symptoms with recogni-
tion and prognosis, we excluded patients (n142 [5.5%] in TRI-
UMPH and n127 [5.4%] in PREMIER) without a baseline
assessment of depressive symptoms with the Patient Health Ques-
tionnaire (PHQ-9). All participants provided written informed con-
sent, and the study protocols were approved by the institutional
review board at each participating site.
Data Collection
Detailed data in both TRIUMPH and PREMIER were collected
through chart abstraction (on clinical comorbidities, admission
medications, presenting ECG, and treatments during the first 24
hours) and standardized in-depth interviews by trained hospital
research staff between 24 and 72 hours after AMI admission
(depressive symptoms, tobacco use, demographics, socioeconomic
factors). Finally, at the time of discharge, angiographic data, in-
hospital treatment of AMI, discharge recommendations, discharge
medications, and discharge diagnoses were also documented by chart
abstraction. Patient data included demographics (age, sex, and race),
social and economic factors (marital status, education, access to
health insurance, and employment status), and clinical variables
(hypercholesterolemia, hypertension, peripheral arterial disease, di-
abetes mellitus, prior AMI, prior angina, prior coronary artery bypass
surgery [CABG] or percutaneous coronary intervention [PCI], prior
stroke, chronic renal failure, chronic lung disease, chronic heart
failure, nonskin cancer, smoking, body mass index, family history of
coronary artery disease, and history of depression or current treat-
ment for depression). In addition, data were obtained on AMI
severity (ST-elevation versus non–ST-elevation AMI, left ventricu-
lar ejection fraction 40%, Killip class, number of coronary arteries
with 75% stenosis, and systolic blood pressure and heart rate at
AMI presentation). Finally, treatment information (coronary angiog-
raphy, PCI, and CABG), patient instructions at discharge (cardiac
rehabilitation, diet counseling, exercise counseling, follow-up lipid
assessment, and smoking cessation), and data on the percent and
number of the Joint Commission on Accreditation of Healthcare
Organizations’ quality of care indicators received at hospital dis-
charge (eg, appropriate use of aspirin, -blockers, thienopyridines,
and other medications, median time to primary PCI, and lipid
assessment during index hospitalization) were collected.25
Assessment of Depressive Symptoms
The PHQ-9, a validated tool for depression screening, was used to
assess symptoms of depression.26 The PHQ-9 quantifies the fre-
quency, over the past 2 weeks, of each of 9 Diagnostic and Statistical
Manual of Mental Disorders, Fourth Edition27 criteria on a 4-point
Likert scale ranging from “0” (not at all) to “3” (nearly every day).
Responses are summed to create a score between 0 and 27 points. A
PHQ score of 10 has been recommended to screen for the
diagnosis of major depression and has been shown to have a
sensitivity and specificity of 88%.28–30
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In this study, we were interested in examining the somatic and
cognitive dimensions of depression. Based on prior work,20 4 PHQ-9
items related to problems with sleep, fatigability, appetite, and
psychomotor agitation/retardation were classified as somatic depres-
sive symptoms, whereas 5 items, related to lack of interest, depressed
mood, negative feelings about self, concentration problems and
suicidal ideation, were classified as cognitive depressive symptoms.
These depression dimension classifications have been previously
validated, with high Cronbach  statistics for both somatic depres-
sive symptoms (0.77) and cognitive depressive symptoms (0.84).20
We accordingly calculated sum scores of the 2 dimensions for our
analyses.20 Correlations between both dimensions among patients
with a PHQ-910 ranged from r0.04 in TRIUMPH to r0.23 in
PREMIER.
Depression Recognition
The primary end point for the first objective of this study was the
recognition of depression at the time of AMI hospitalization in the
TRIUMPH study. Patients were classified as depressed if they had a
PHQ-9 score of 10. Clinicians, blinded to the results of the PHQ-9,
had to make a diagnosis of depression in the hospital chart, assign a
diagnosis of depression at hospital discharge, prescribe active de-
pression treatment (antidepressant medication, counseling, or psy-
chiatric consultation), or refer patients for depression management at
discharge for patients to be classified as “clinically recognized.” To
ensure that we did not misclassify the use of antidepressive medi-
cations as indicating depression recognition, the clinical indications
for such medications were reviewed. Patients with a PHQ-9 score
10 and taking antidepressant medications solely for the purposes of
smoking cessation (n6 for bupropion) or neuropathic pain (n5 for
tricyclic antidepressants or serotonin-norepinephrine reuptake inhib-
itors) were not classified as having recognized depression.
Mortality and Rehospitalization
The end points for the second objective of this study were 4-year
all-cause mortality and 1-year all-cause rehospitalization among
patients enrolled in the PREMIER study. Mortality was deter-
mined using the Social Security Death Master File, and rehospi-
talization data were determined from phone interviews at 1
month, 6 months, and 1 year.
Statistical Analysis
There were 2 main objectives in this study. We first evaluated
whether somatic or cognitive depressive symptoms were associated
with clinical recognition of depression in TRIUMPH. Next, we
evaluated whether somatic or cognitive depressive symptoms were
associated with long-term outcomes in PREMIER.
Depression Recognition in TRIUMPH
To assess predictors of depression recognition, baseline characteris-
tics of patients with recognized and unrecognized depression were
compared using Student t tests and the Wilcoxon tests for continuous
variables and 2 or Fisher exact tests for categorical variables, as
appropriate. Hierarchical modified Poisson regression models, which
adjust for clustering at the hospital level, were then constructed to
assess the unadjusted and adjusted relationship between somatic and
cognitive depression scores and clinical recognition of depression
(binary dependent variable) by entering both dimensions simulta-
neously in the model as independent variables. Nonlinear relation-
ships between the depression dimensions and recognition were
assessed with restricted cubic spline terms with 3 knots for curvature
in the multivariable models.31 Because of the high event rate, a
modified Poisson regression model (ie, Poisson regression with a
robust error variance) was used to derive relative risks, as odds ratios
would overestimate the strengths of associations.32
The multivariable model adjusted for all variables with a signifi-
cant association in bivariate analysis as described in Table 1, along
with the following clinically important variables regardless of
statistical significance: age, gender, marital status, insurance status,
left ventricular ejection fraction 40%, history of chronic heart
failure, and ST-elevation AMI. Somatic and cognitive depression
symptom scores were evaluated as continuous variables and were
interpreted using a SD increase for each measure (3 points for both).
As a sensitivity analysis, we repeated the analyses when the cohort
was restricted to patients without a history of depression.
Mortality and Rehospitalization in PREMIER
For descriptive purposes only, we categorized patients in the upper
quartile of somatic and cognitive depressive symptom scores as
having significant somatic or cognitive depressive symptoms. Base-
line comparisons between those with and without significant somatic
depressive symptoms were compared using Student t tests and the
Wilcoxon test for continuous variables and the 2 or Fisher exact test
for categorical variables, as appropriate. Similarly, baseline charac-
teristics were compared between those with and without significant
cognitive depressive symptoms.
The association of a PHQ-9 score 10 with higher mortality and
rehospitalization risk, as demonstrated in prior studies,5,33 was first
validated in our study cohort with unadjusted Kaplan–Meier plots
and multivariable Cox proportional hazards regression analyses
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Figure 1. Overview of study design and objectives.
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proportional hazard regression models stratified by site were con-
structed to jointly evaluate the association of both somatic and
cognitive depressive symptom scores (as continuous variables in the
model) with mortality and rehospitalization in separate models.
Multivariable models adjusted for demographic (age, sex, race),
clinical (diabetes mellitus, prior coronary artery disease [prior MI,
prior PCI, or prior CABG], stroke, chronic renal failure, chronic lung
disease, chronic heart failure, nonskin cancer, current smoking, body
mass index), socioeconomic (marital status, education, insurance
status, and working status), AMI severity (ST-elevation AMI, left
ventricular ejection fraction 40%, heart rate), and treatment
(angiography, revascularization, percent and number of quality of
care indicators received) variables. Somatic and cognitive depres-
sion symptom scores were interpreted using a SD increase in each
measure (3-point increase). Nonlinear relationships of depression
dimensions and outcomes were assessed using restricted cubic
spline terms with 3 knots for curvature in the multivariable
models.31
Table 1. Characteristics of Patients With Recognized and Unrecognized Depression Within TRIUMPH
Depression
Recognized n140 Unrecognized n341 P Value
Demographics
Age, y 55.611.7 56.512.1 0.44
Female sex 68 (48.6) 151 (44.3) 0.39
Race
White 103 (73.6) 219 (64.2) 0.05
Black 24 (17.1) 95 (27.9)
Other 13 (9.3) 27 (7.9)
Socioeconomic factors
Married 54 (38.6) 144 (42.4) 0.44
Greater than high school education 77 (55.0) 145 (42.6) 0.01
No medical insurance 28 (20.0) 90 (26.4) 0.20
Working full or part time 42 (30.0) 142 (41.7) 0.05
Medical history
Hypercholesterolemia 79 (56.4) 158 (46.3) 0.04
Hypertension 109 (77.9) 240 (70.4) 0.10
Peripheral arterial disease 9 (6.4) 21 (6.2) 0.91
Diabetes mellitus 63 (45.0) 126 (37.0) 0.10
Prior AMI 31 (22.1) 71 (20.8) 0.75
Prior angina 24 (17.1) 41 (12.0) 0.14
Prior CABG 27 (19.3) 34 (10.0) 0.01
Prior PCI 42 (30.0) 73 (21.4) 0.05
Prior stroke 10 (7.1) 15 (4.4) 0.22
Chronic renal failure 13 (9.3) 23 (6.7) 0.34
Chronic lung disease 17 (12.1) 38 (11.1) 0.75
Chronic heart failure 19 (13.6) 34 (10.0) 0.25
Cancer (other than skin) 9 (6.4) 26 (7.6) 0.65
Smoked within last 30 days 70 (50.0) 170 (50.3) 0.95
BMI, kg/m2 30.97.1 30.57.0 0.60
Family history of CAD 107 (77.0) 262 (77.5) 0.90
History of depression 57 (40.7) 18 (5.3) 0.001
Clinical characteristics index MI admission
ST-elevation MI 51 (36.4) 132 (38.7) 0.64
Ejection fraction 40% 28 (20.0) 71 (20.9) 0.83
Killip class
I (no heart failure) 113 (81.9) 281 (84.1)
II (heart failure) 22 (15.9) 45 (13.5) 0.91
III (pulmonary edema) 2 (1.4) 5 (1.5)
IV (cardiogenic shock) 1 (0.7) 3 (0.9)
Systolic blood pressure, mm Hg 137.032.1 143.230.0 0.05
Heart rate, bpm 87.024.8 83.821.9 0.16
Data are presented as meanSD or n (%). BMI indicates body mass index; CAD, coronary artery disease.
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Missing Data
Model covariates in TRIUMPH were missing for at least 1 study
covariate in 7 patients (1.5% of cohort), with no study covariate
having 1% missing data. Data in PREMIER were missing for at
least 1 study covariate in 326 patients (13.9% of cohort), with no
study covariate having 6% missing data. In both datasets, missing
data were assumed to be missing at random and imputed as a single
imputation dataset using IVEWARE software.34 Additionally, data
on mortality was 100% complete in PREMIER, but follow-up
interviews on rehospitalization were missing in 9% (n197) of
surviving patients. Based on prior work,35 bias attributable to those
without follow-up interviews was assessed by creating a nonparsi-
monious model for the propensity to miss the 1-year follow-up
interview. The reciprocal of this probability was then used to weight
the associations among responders in the multivariable Cox regres-
sion model for rehospitalization to adjust for potential observable
bias from lost follow-up.35 For both sets of analyses, results with and
without weighting were comparable, so only the weighted are
presented.
All tests for significance were 2-tailed with an  level of 0.05 and
were conducted with SAS version 9.1.3 (SAS Institute) and R
version 2.6.0.36 The authors independently designed the study,
collected and analyzed the data, and drafted and revised the manu-
script. Drs Smolderen and Chan had full access to all of the data and
take full responsibility for the integrity of the data and the accuracy
of the data analysis.
Results
Depression Recognition in the TRIUMPH Registry
Of 2573 patients screened with the PHQ-9 in TRIUMPH,
depression was present in 481 (19%) patients. Of these,
depression was unrecognized in 341 (71%) and recognized in
140 (29%) patients. Among those with recognized depres-
sion, antidepressants were prescribed at discharge in 118
(84.3%) patients, and depression counseling or a recommen-
dation for further follow-up was prescribed in 72 (51.4%)
patients. Depression was less likely to be recognized in
patients who were black, had attained a lower educational
level, and who were employed (Table 1). Depression was
more likely to be recognized among patients with a prior
history of hypercholesterolemia, CABG, PCI, and depression.
Patients with recognized depression, compared to those with
unrecognized depression, had higher scores on the PHQ-9 for
cognitive symptoms (7.53.3 versus 6.32.9; P0.001) but
similar scores for somatic symptoms (7.72.0 versus
7.62.0; P0.59).
Adjusting for demographic and clinical factors, cognitive
depressive symptoms were associated with depression recog-
nition (adjusted risk ratio [RR] per SD increase, 1.14; 95%
CI, 1.03 to 1.26; P0.01), but no significant association was
observed for somatic depressive symptoms (adjusted RR per
SD increase, 1.04; 95% CI, 0.87 to 1.26; P0.66; Figure 2).
There was no evidence of nonlinearity (P0.25). Results
were not different when we restricted the cohort to only those
patients without a history of depression. Other predictors of
depression recognition included a history of depression (ad-
justed RR, 3.90; 95% CI, 2.73 to 5.58; P0.001) and chronic
heart failure (adjusted RR, 1.45; 95% CI, 1.02 to 2.08;
P0.04). Race, education, and employment status were not
independently associated with depression recognition. The
final model showed good discrimination (C-statistic0.78).
Mortality and Rehospitalization in the PREMIER
Registry
Of 2347 patients within PREMIER, 624 (26.6%) were clas-
sified as having significant somatic depressive symptoms
Figure 2. Independent predictors of depression
recognition during index AMI hospitalization.
Model estimates are presented as RRs with
95% CIs. CHF indicates chronic heart failure;
EF, ejection fraction; STEMI, ST-elevation myo-
cardial infarction.
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(upper quartile of somatic depressive symptom score 6) and
590 (25.1%) were categorized as having significant cognitive
depressive symptoms (upper quartile of cognitive depressive
symptom dimension score 4).
Baseline comparisons between those with and without
significant somatic depressive symptoms and those with and
without significant cognitive depressive symptoms are pre-
sented in Table 2. In both comparisons, patients with signif-
icant depressive symptoms were younger, were more likely to
be female and black, and were less likely to be married.
Depressed patients were also less likely to have completed
postsecondary education and to be employed. Moreover,
patients with either significant somatic or cognitive symp-
toms of depression, compared to those without, had higher
frequencies of comorbidities (history of hypertension, diabe-
tes mellitus, AMI, angina, PCI, chronic lung disease, and
chronic heart failure) and worse disease severity at the time of
their AMI (higher Killip class and heart rate). However, they
were less likely to undergo coronary angiography, to undergo
revascularization with either PCI or CABG, or to receive
referrals for cardiac rehabilitation or exercise counseling at
discharge. Although patients in all groups were eligible for
the same number of quality-of-care indicators (including
medications) at discharge, patients with significant somatic
depressive symptoms received fewer of these treatments at
discharge.
Mortality
We first validated the association between formal depression
and mortality in the cohort and found that the rates of
all-cause mortality were higher among the 524 (22.3%)
patients with a PHQ-9 score 10 (24.2% versus 16.3%;
adjusted hazard ratio [HR], 1.41; 95% CI, 1.12 to 1.76;
P0.01; see online-only Data Supplement).
Next, we assessed the association between significant
somatic and cognitive depressive symptoms and mortality.
Event rates for patients with no depressive symptoms, pa-
tients with significant somatic but no cognitive symptoms,
patients with significant cognitive but no somatic symptoms,
and patients in the highest quartiles for both somatic and
cognitive symptoms are presented in Table 3. The unadjusted
mortality risk for patients with and without significant cog-
nitive depressive symptoms was similar (unadjusted HR per
SD increase, 1.01; 95% CI, 0.89 to 1.14; Table 3 and Figure
3). In contrast, compared to patients without significant
somatic depressive symptoms, patients with significant so-
matic depressive symptoms had a higher unadjusted mortality
risk (unadjusted HR per SD increase, 1.22; 95% CI, 1.08 to
1.39). After multivariable adjustment, the association be-
tween somatic symptoms and mortality was attenuated (ad-
justed HR per SD increase, 1.07; 95% CI, 0.94 to 1.21;
P0.30; Figure 3). There was no evidence of nonlinearity
(P0.25).
Rehospitalization
We also validated that formal depression (PHQ-9 score 10)
in this cohort was associated with a higher risk for rehospi-
talization (42.7% versus 34.7%; adjusted HR, 1.23; 95% CI,
1.04 to 1.46; P0.02; Data Supplement). When examined by
depressive symptom domain, patients with and without sig-
nificant cognitive depressive symptoms had similar rates of
rehospitalization during follow-up (unadjusted HR per SD
increase, 1.01, 95% CI, 0.93 to 1.11; Table 3 and Figure 3).
In contrast, compared to patients without significant somatic
depressive symptoms, patients with significant somatic de-
pressive symptoms had higher unadjusted rates of rehospital-
ization during follow-up (unadjusted HR per SD increase,
1.22; 95% CI, 1.11 to 1.33), an association which persisted
after multivariable adjustment for numerous potential con-
founders (adjusted HR per SD increase, 1.16; 95% CI, 1.06 to
1.27, P0.01; Figure 3). There was no evidence of nonlin-
earity (P0.25).
Discussion
In this study, we found that 7 of 10 patients with significant
depressive symptoms were not recognized during the care
and management of their AMI, despite accumulating evi-
dence that depression is associated with higher morbidity and
mortality. Among those patients with clinically recognized
depression, prominent cognitive depressive symptoms (such
as sadness, pessimism, and loss of interest) were more likely
to facilitate the recognition of depression, whereas predomi-
nantly somatic symptoms (such as fatigue, loss of energy, and
sleep difficulties) were not independently associated with
depression recognition. Although cognitive symptoms were
associated with recognition of depression, they were not
independently associated with a higher risk for rehospitaliza-
tion or death. In contrast, somatic depressive symptoms were
associated with a higher risk for mortality and for rehospital-
ization, although the association with mortality was attenu-
ated after adjustment for clinical variables. These findings
highlight an important dissonance in the current paradigm of
care. Whereas recognition of depression is associated with
manifestations of cognitive symptoms, prognosis after AMI is
associated with somatic depressive symptoms.
To our knowledge, this is the first study to jointly examine
the relationship between somatic and cognitive depressive
symptoms with depression recognition and prognosis among
hospitalized AMI patients. These findings extend the findings
of prior studies. Several studies in primary care patients have
previously reported that the diagnosis of depression in pa-
tients with primarily somatic symptoms is particularly chal-
lenging because they resemble and are often attributed to the
patient’s underlying illness.17,18,37 Although primary care
investigators have long recognized that presentation with
somatic symptoms creates barriers to depression recognition
and treatment, this issue has not been assessed in depressed
AMI patients. In contrast to the recognition of depression,
preliminary studies have suggested that somatic, and not
cognitive, depressive symptoms are associated with worse
prognosis.20–23 These few studies, however, have largely
evaluated intermediate outcomes such as the metabolic syn-
drome21 and heart rate variability.20 Moreover, the extent to
which these prognostic studies have been able to comprehen-
sively control for potential confounders of somatic and
cognitive depressive symptoms, such as socioeconomic fac-
tors (marital status, educational level, and insurance security),
severity of the index AMI (ST-elevation AMI, left ventricular
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Table 2. Patient Characteristics of the Depression Groups Within PREMIER










Age, y 59.112.6 61.413.0 0.001 58.011.7 61.713.1 0.001
Female sex 256 (41.0) 497 (28.8) 0.001 233 (39.5) 520 (29.6) 0.001
Race 0.001 0.001
White 427 (68.6) 1307 (76.3) 395 (67.3) 1339 (76.6)
Black 162 (26.0) 330 (19.3) 161 (27.4) 331 (18.9)
Other 33 (5.3) 75 (4.4) 31 (5.3) 77 (4.4)
Socioeconomic factors
Married 335 (54.3) 1066 (62.7) 0.001 307 (53.1) 1094 (62.9) 0.001
Greater than high school education 259 (42.2) 864 (50.8) 0.001 244 (42.1) 879 (50.6) 0.001
Having no insurance 81 (13.8) 194 (11.8) 0.22 91 (16.2) 184 (11.0) 0.001
Working full or part time 231 (37.2) 793 (46.4) 0.001 211 (36.0) 813 (46.6) 0.001
Medical history
Hypercholesterolemia 323 (51.8) 822 (47.7) 0.08 303 (51.4) 842 (47.9) 0.15
Hypertension 426 (68.3) 1061 (61.6) 0.01 410 (69.5) 1077 (61.3) 0.001
Peripheral arterial disease 58 (9.3) 128 (7.4) 0.14 46 (7.8) 140 (8.0) 0.89
Diabetes mellitus 219 (35.1) 453 (26.3) 0.001 201 (34.1) 471 (26.8) 0.001
Prior AMI 164 (26.3) 335 (19.4) 0.001 163 (27.6) 336 (19.1) 0.001
Prior angina 132 (21.2) 271 (15.7) 0.01 128 (21.7) 275 (15.7) 0.001
Prior CABG 90 (14.4) 206 (12.0) 0.11 85 (14.4) 211 (12.0) 0.13
Prior PCI 129 (20.7) 279 (16.2) 0.01 120 (20.3) 288 (16.4) 0.03
Prior stroke 45 (7.2) 109 (6.3) 0.44 49 (8.3) 105 (6.0) 0.05
Chronic renal failure 76 (12.2) 155 (9.0) 0.02 62 (10.5) 169 (9.6) 0.53
Chronic lung disease 122 (19.6) 184 (10.7) 0.001 100 (16.9) 206 (11.7) 0.001
Chronic heart failure 108 (17.3) 175 (10.2) 0.001 98 (16.6) 185 (10.5) 0.001
Cancer (other than skin) 46 (7.4) 150 (8.7) 0.30 42 (7.1) 154 (8.8) 0.21
Smoked within last 30 days 233 (37.6) 567 (33.0) 0.04 244 (41.7) 556 (31.7) 0.001
BMI, kg/m2 29.76.6 29.06.3 0.03 29.66.4 29.16.4 0.10
Family history of CAD 228 (36.5) 574 (33.3) 0.15 218 (36.9) 584 (33.2) 0.10
Currently receiving treatment for depression 150 (24.2) 147 (8.6) 0.001 167 (28.5) 130 (7.4) 0.001
Clinical characteristics index MI admission
ST-elevation MI 249 (39.9) 768 (44.6) 0.04 235 (39.8) 782 (44.5) 0.05
Ejection fraction 40% 181 (29.0) 427 (24.9) 0.04 159 (26.9) 449 (25.6) 0.53
Killip class 0.001 0.001
I (no heart failure) 400 (76.0) 1252 (85.1) 391 (77.0) 1261 (84.7)
II (heart failure) 87 (16.5) 169 (11.5) 83 (16.3) 173 (11.6)
III (pulmonary edema) 28 (5.3) 24 (1.6) 23 (4.5) 29 (1.9)
IV (cardiogenic shock) 11 (2.1) 26 (1.8) 11 (2.2) 26 (1.7)
Diseased vessels (75% stenosis) 0.12 0.07
0 61 (11.7) 131 (8.6) 58 (11.8) 134 (8.6)
1 268 (51.2) 763 (50.3) 227 (46.3) 804 (51.8)
2 101(19.3) 340 (22.4) 113 (23.1) 328 (21.1)
3 93 (17.8) 284 (18.7) 92 (18.8) 285 (18.4)
Systolic blood pressure, mm Hg 140.232.8 138.930.8 0.39 140.032.5 139.031.0 0.53
Heart rate, bpm 83.420.0 80.522.1 0.01 83.821.1 80.421.7 0.001
Catheterization and revascularization data
Primary or other PCI 356 (57.1) 1069 (62.0) 0.03 324 (54.9) 1101 (62.7) 0.001
(Continued )
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ejection fraction), and AMI treatment (diagnostic cardiac
catheterization, PCI or CABG, and quality of care indicators),
has been limited.20–22 In this study, we were able to control
for these potential confounders of somatic and cognitive
depressive symptoms and were able to identify a discordance
as to which symptom dimension was associated with recog-
nition and prognosis.
There is evidence to suggest that the cognitive symptoms
of depression may be mediated by alterations in serotonin
metabolism, whereas the somatic symptoms of depression are
affected by decreased basal ganglia dopamine activity.38
Biochemical studies also suggest that selective serotonin-
reuptake inhibitors, which increase serotonin levels, primarily
improve cognitive depressive symptoms.38 Thus our study
findings may help explain why prior pharmacological and
behavioral interventions of depression have not resulted in
lower rates of mortality or rehospitalization.12,19 These trials
examined interventions (eg, selective serotonin-reuptake in-
hibitor medications, cognitive-behavioral therapy, or inter-
personal therapy) which primarily target the cognitive fea-
tures of depression, and their inability to demonstrate
reductions in cardiovascular morbidity and mortality may, in
part, be attribtuable to undertreatment of somatic depressive
symptoms. Although treating the cognitive symptoms of
depressed AMI patients is of unquestioned importance, it may
not be sufficient to improve cardiovascular prognosis. Given
the effect of exercise training on somatic depressive symp-
toms39,40 and the established effects of cardiac rehabilitation
in decreasing morbidity and mortality in patients with coro-
nary artery disease,41–43 future clinical trials of depression
after AMI may wish to consider a more comprehensive
treatment approach that targets both somatic and cognitive
depressive symptoms.
Despite accumulating and consistent evidence that depres-
sion after AMI is associated with a worse prognosis, and
despite efforts to increase its awareness and screening in
cardiac patients,6,7 our results, in this geographically diverse,
multi-site, contemporary, “real-world” registry, suggest that
depression remains unrecognized in most patients hospital-
ized for an AMI. Although therapeutic strategies to modify
morbidity and mortality risk for patients with depression after
AMI continue to be an active area of investigation, the PHQ-9
instrument remains an important tool in identifying high-risk
patients who may benefit from closer monitoring or more
aggressive medical therapy. In addition, close collaboration
with specialists involved in treating depression will be essen-
Table 2. Continued









Coronary angiography (catheterization, PCI,
CABG) 523 (83.8) 1518 (88.1) 0.01 490 (83.1) 1551 (88.3) 0.001
Revascularization (PCI, CABG, thrombolytic) 421 (67.5) 1268 (73.6) 0.01 387 (65.6) 1302 (74.1) 0.001
Patient instructions at discharge
Cardiac rehabilitation 263 (42.1) 870 (50.5) 0.001 240 (40.7) 893 (50.8) 0.001
Diet counseling 485 (77.7) 1332 (77.3) 0.83 457 (77.5) 1360 (77.4) 0.98
Exercise counselling 267 (42.8) 868 (50.4) 0.001 252 (42.7) 883 (50.3) 0.01
Lipid assessment 67 (10.7) 269 (15.6) 0.01 74 (12.5) 262 (14.9) 0.16
Smoking cessation 199 (31.9) 480 (27.9) 0.06 204 (34.6) 475 (27.0) 0.001
Clinical site information
QOC: No. of eligible indicators 5.11.4 5.21.3 0.45 5.11.3 5.21.3 0.20
QOC: Percent of eligible indicators received 85.319.0 88.217.0 0.001 86.618.1 87.717.4 0.18
Depressive symptoms
Depression present baseline (PHQ 10) 444 (71.2) 80 (4.6) 0.001 455 (77.1) 69 (3.9) 0.001
Data are presented as meanSD or n (%). Depression dimensions were defined by the highest score quartile for somatic and for cognitive depressive symptoms.
BMI indicates body mass index; CAD, coronary artery disease; QOC, quality of care.
Table 3. Event Rates by Depressive Symptom Group for 4-Year Mortality and 1-Year Rehospitalization
Prognosis
4-Year Mortality 1-Year Rehospitalization
Depressive Symptoms n/N % P Value n/N % P Value
No depressive symptoms 244/1508 16.2 0.001 478/1426 33.5 0.001
Cognitive symptoms 36/215 16.7 69/193 35.8
Somatic symptoms 52/249 20.9 100/235 42.6
Somatic and cognitive symptoms 92/375 24.5 151/337 44.8
Depressive symptom dimensions were defined by the highest score quartile for somatic and for cognitive depressive symptoms.
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tial in formulating individualized treatment plans aimed at
both reducing patients’ depressive symptom burden and
facilitating their recovery after AMI.
Our findings should be considered in light of several
potential limitations. First, we assessed depressive symptoms
with a self-report questionnaire during patients’ hospitaliza-
tion and did not use a formal psychiatric interview. However,
the PHQ-9 has been shown to have high concordance with
psychiatric interviews, and its ease of use allows for broader
dissemination than a Structured Diagnostic Interview.28 Sec-
ond, depression recognition was determined from data ab-
straction from patients’ hospital charts. As such, we cannot
rule out the possibility that clinicians recognized but did not
document their diagnosis of depression in the medical record,
which would have underestimated the rates of recognized
depression in this study. It is also important to note that
thresholds for clinically relevant somatic and cognitive de-
pressive symptoms have not been validated and require
further study. Finally, a concern common to all observational
studies is the possibility of residual confounding, despite our
efforts to adjust for a broad and detailed spectrum of
socioeconomic, medical comorbidity, disease severity, and
treatment characteristics. More specifically, the presence of
somatic symptoms may be overlapping with unmeasured
cardiac symptoms or factors related to cardiovascular fitness
for which we could not adjust for in the current study.
In conclusion, by discriminating between somatic and
cognitive depressive symptoms, we were able to identify a
discrepancy between the relative association of these symp-
toms for depression recognition and AMI outcomes. Al-
though cognitive depressive symptoms were associated with
recognition of depression, somatic depressive symptoms were
associated with long-term outcomes. Opportunities for active
screening and comprehensive treatment programs that ad-
dress both the somatic and cognitive manifestations of de-
pression need to be explored as they may be needed to more
effectively treat depression after AMI.
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